Reagents. Chemical regents of ultrapure grade used as received without purification. The silica template was purchased from Grace Corporation (Davisil®). Electrolyte was rigorously treated to remove Fe impurities.
of 0.08 nm. Prior to the examination, the samples were dry dispersed on the copper grid coated with a thin holey carbon film. X-ray photoelectron spectroscopy (XPS) measurements were performed on a Thermo/K-Alpha XPS using monochromatic Al Kα X-ray source. All binding energies were calibrated by setting C 1s at 284.8 eV. Nitrogen sorption isotherms of samples were obtained with a Micromeritics system. The multipoint Braunauer-Emmett-Teller (BET) method was applied to determine the specific surface areas of all the samples. The decomposition behavior of metal nitrates in dried SiO 2 supported samples were examined by the TGA on a TG analyzer in dry air in the range of 30-800 °C with a heating rate of 10 °C /min. An inductively coupled plasma optical emission spectrometer (ICP-OES, Perkin Elmer Optima 8000) was applied to analyze the element composition of electrocatalysts and used electrolyte.
The local atomic and electronic structures around Pt atoms in the samples of 0.5 wt.% Pt/NiO and 1 wt.% Pt/NiO were investigated by X-ray absorption fine structure (XAFS) at the Pt L3-edge and Ni K-edge. XAFS measurements were performed on Beam line BL14W1 at the Shanghai Synchrotron Radiation Facility (SSRF) with the electron storage ring operated at 3.5Gev, equipped with a double Si (111) crystal monochromator. High-order harmonics were successfully inhibited using a harmonic suppression mirror. Pt foil and PtO 2 were used as reference samples and measured in the transmission mode. Samples for Ni K-edge were measured by transmission mode, while Pt L3-edge for all Pt containing samples were collected by fluorescence mode.
Before measurement, appropriate amounts of samples were finely crushed and pressed to form a disk. The disk was then sealed with Kapton membrane. A cell was employed for collecting XAFS data at RT in flow of He operating at 1 bar. All the XAFS data analysis was carried out using the Ifeffit software package to calibrate the energy, to correct the background signal and to normalize the intensity. The normalized EXAFS function, χ(E), was transformed from energy space to Kspace, χ(k), where k is the photoelectron wave vector. The χ(k) data were multiplied by k 3 to compensate for damping of EXAFS oscillations in the high k-region. The backscattering amplitude and phase shift were obtained from theoretical calculation using the FEFF code. S02 value of 0.81 and 0.82 were obtained from fitting to Pt standard samples and Ni standard samples.
From the analysis, structural parameters, such as the coordination numbers (N), bond distance (R), Debye-Waller factor and inner potential shift could be calculated.
Electrochemical measurements. All electrochemical tests were performed on a Princeton Verstat 4000 electrochemical work station. In order to avoid the effect of trace iron, the polytetrafluoroethylene electrochemical cell and beakers were cleaned by 0.5 M H 2 SO 4 and rinsed with deionized water (18.2 MΩ) for at least 3 times. The 1 M KOH electrolyte was prepared by dissolving KOH (semiconductor grade 99.99% trace metal basis, Sigma Aldrich) in the deionized water (18.2 MΩ) as well as the usage of an Fe-absorbent (i.e. Ni(OH) 2 ) by following previously reported method. S1, S2 5 mg of sample powder were dispersed in 1 ml of 3:1 v/v water/isopropanol solution. Subsequently, 16 μl of 5 wt.% Nafion solution was added. The mixed solution was sonicated for 30 min for obtain a homogeneous ink. The working electrode was prepared by uniformly drop casting 20 μl of the catalyst ink onto the carbon paper and then baked at 60 °C for 30 min. Cyclic voltammetry (CV), and electrochemical impedance spectroscopy (EIS) measurements were carried out using a typical 3-electrode configuration with a Pt plate as the counter electrode and an Ag/AgCl electrode as the reference electrode. The CV curves were recorded at a sweep rate of 10 or 100 mV s -1 and give number of cycles between 0.01 and 2.01 V vs. RHE at 25 °C. The overpotential at 10 mA cm -2 or 120 mA cm -2 and Tafel plots were obtained by using the cathode sweep of CV curves to avoid the interference of oxidation peaks. The EIS measurements were performed by applying an AC voltage in the frequency ranges from 100 kHz to 0.1Hz. The potentials reported in our study were referenced to the reversible hydrogen electrode (RHE) through RHE calibration, E(RHE) = E(Ag/AgCl) + 1.01V. The electrolyte resistance value used for the ohmic drop compensation is in the range of 2.0-2.5 Ω.
Details for Stochastic Surface Walking (SSW)
In this work, the spinel-to-layer solid phase transition was investigated using the SSW reaction pathway sampling method. S3-9 The SSW algorithm has an automated climbing mechanism to manipulate a structure configuration from a minimum to a high-energy configuration along one random mode direction, inherits the idea of bias-potential driven constrained-Broyden-dimer (BP-CBD) method for TS location. S10 In one particular SSW step, labeled as i, a modified PES V m-to-n (n is the index of the bias potential, n=1,2⋯H), as shown in the following equation, is utilized for moving from the current minimum, R i m to a high energy configuration R i H (the climbing), in which a series of bias Gaussian potential v n is added one by one consecutively along the direction N i n .
where R is the coordination vector of the structure and V real represents the unmodified PES; R t n are the n th local minima along the movement trajectory on the modified PES that is created after adding n Gaussian functions. The Gaussian function is controlled by its height w and its width ds, and is always added along one particular walking direction as defined by N n . Once the R i H is reached, all bias potentials are removed and the local optimization is performed to quench the structure to a new minimum. This algorithm was described in our previous work in detail. S8-S10 The procedure to determine the phase transition pathway includes two steps: (i) SSW sampling to collect all possible pairs of initial states and final states (IS/FS pair); (ii) variable-cell double-ended surface walking (VC-DESW) method to locate the transition state (TS) in low energy reaction pathway. The SSW was utilized recently in finding the lowest energy pathway of solid phase transition, such as ZrO 2 , S5 TiO 2 , S4 and MnO 2 S3 . In previous study, S11 we have identified the pathway of the same phase transition occurs on H 0.5 MnO 2 (spinel H 0.5 MnO 2 → layered -MnO 2 ). Due to the similarity of both processes, we did not perform SSW sampling
anymore to generate IS/FS pair. Alternatively, we adopted the IS / FS pair from H 0.5 MnO 2 , replacing Mn by Ni cations, and then determine the TS using VC-DESW. All located TSs were further confirmed by extrapolating the TS towards the IS and FS and also the numerical vibrational frequency analysis.
Details for DFT Calculations
All DFT calculations were carried out within the periodic plane wave framework as implemented in Vienna ab initio simulation package (VASP). The electron-ion interaction was represented by the projector augmented wave (PAW) and the kinetic energy cutoff of plane wave was set as 500
eV. The geometry optimization and the energetic profiles for OER were based on the exchangecorrelation functional GGA-PBE with on-site Coulomb repulsion (PBE+U). The effective U-J terms (U eff ) as determined by linear response theory was set as 5.5 eV for Ni. The geometry convergence criterion was set as 0.01 eV/Å for the maximal component of force. For all H 0.5 NiO 2 systems, spin-polarization has been considered to identify the ground state electronic configuration. The initial magnetic ordering of the γ-NiOOH is set to be ferromagnetic, while it is antiferromagnetic for NiO. The k-point mesh utilized was up to (4 × 4 × 4) in the Monkhorst−Pack scheme, which was verified to be accurate enough for these bulk systems.
Calculation Details for Theoretical Overpotential
To calculate the OER overpotential, we use the Standard Hydrogen Electrode (SHE: H + + e -→ H 2 , pH = 0, p = 1 bar, T = 298.15K) as reference, where we get 
Using Eq. 2-3, we can derive the ∆G of an electrochemical half-reaction as described by formula 4.
The ∆G is written as
Substituting Eq. 2 into Eq. 5, we get
Setting G = 0, the parameter U then is the electrochemical potential for half-reaction of H n A → A + nH + + ne -. The rate-determining step is then the elementary step with most positive G, and the corresponding theoretical overpotential () is calculated by Eq. 7.
U -1.23 (7) where 1.23 is the electrochemical potential for OER in standard condition. 
Calculation Details for
So we get
The relative stabilities of H 0.5 NiO 2 and NiO 2 compared with NiO can then be estimated by following formula.
By plotting G vs. U, we finally get the phase diagram of NiO, Ni 3 O 4 , H 0.5 MnO 2 and NiO 2 . It should be mentioned that the line for NiO is horizontal, since NiO is the reference state where the free energy change is zero for this component. N, coordination number; R, distance between absorber and back scatter atoms; Δ 2 , change in the Debye-Waller factor value relative to the Debye-Waller factor of the reference compound; ΔE 0 , inner potential correction to account for the difference in the inner potential between the sample and reference compound. Error bounds (accuracies) that characterize the structural parameters obtained by EXAFS spectroscopy were estimated as N, ±20%; R, ±1%; Δ 2 , ±20%; ΔE 0 , ±20%. Pt foil parameters from data_77654-ICSD; r space fit, Δk =2.417-10.813Å-1, Δr =1.0-3.2, 12 statistically justified parameters; S02 fitting from Pt foil defined as 0.81. 
